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1.0 INTRODUCTION

This report is a compilation of all official measurements for

Apollo Mission A-202, reflecting the official measurement

parameters as approved by the Instrumentation Requirements

Group (IRG) at MSC-ASPO, Houston and will be revised periodically

to e_nsure the availability of current information.

Mission A-202 will consist of a Saturn I-B launch vehicle/

spacecraft 011 configuration and will accomplish an unmanned,

long lob, super circular, high-heat-load entry mission.

_J
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2.0 MEASUREMENT SYSTEMS

On Apollo Block I flight vehicles, there are normally two basic

telemetry systems, (or classifications); one for operational

measurements and one for flight qualification measurements.

These two classifications are sub-dlvlded into categories and the

measurements appearing in the measurements requirements llst are

coded (See Section 3.8) in accordance with the following:

Apollo Spacecraft Measurement Classification/Categories

Class Category Primary Usage

FIXED REQUIREMENTS

Operational

3

Spacecraft Management

Spacecraft Performance Mission

Evaluation

Preflight Ground Checkout

VARIABLE REQUIREMENTS

Flight

Qualification

4 System Qualification and Verifi-
cation
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3.0 MEASUREMENT LIST FORMAT AND N(_ENCLATURE

The measurement requirement list contains all of the existing

flight and some of the GSE measurement parameters. These

parameters are grouped by spacecraft systems.

The format and nomenclature are as follows:

3.1 Measurement Identification

The measurement identification number consists of seven

alphanumeric characters (letters and numbers).

Module Code - The first character, alphanumeric, designates

the measurement location by module:

A Adapter

B Launch Vehicle

C Command Module

L Launch Escape Tower

S Service Module

Subsystem Code - The second character, alphanumeric, denotes

the system within which the measurement originates.

A

C

D

E

F

G

H

J

K

Structures

Electrical

Launch Escape

Earth Landing

Environmental Control

Guidance and Navigation

Stabilization and Control

Life Systems

Flight Technology
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P

R

S

T

Propulsion

Reaction Control

Crew Safety

Communications and Instrumentation

Xdentity Code - Characters three through six, numerical,

are assigned.

Parameter Code - The seventh character, alphanumeric,
denotes measurement classification.

A Acceleration

B Phase

C Current

D Vibration

E Power

F Frequency

G Force

H Position

J Biomedical

K Radiation

L Velocity

M Mass

P Pressure

Q Quantity

R Rate

S Strain
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T Temperature

V Voltage

W Time

X Discrete Event

Y Acoustical

Z Ph-Acidity

The following sketch shows an example of a measurement

number.

Module Subsystem Identity Parameter

Code Code Number Code

C A 9099 S

3.2 Measurement Description

The measurement description is a brief, definitive title

given to each measurement. Standard abbreviations are

used where applicable to keep the measurement description

length, including spaces, within 32 characters.

3.3 Accessibility

Accessibility refers to the locations where the measure-

ments may be made available (i. e., Telemetry, DISP,

GSE)

3.4 Telemetry (TM)

Telemetry is the radiated or land llne (coax) transmission

of information from a spacecraft to a ground station. The

Apollo program will use several telemetry methods, and

within each method, there will be various types of signals.**

The telemetry and tape recorder transmission and recording

modes used in the telemetry column in the spacecraft 011

measurement list are as follows.
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3.4.1

3.4.2

3.4.3

3.4.4

3.4.5

3.4.6

Pulse Code Modulation (PCM)

Pulse code modulation is a method of sampling and coding

information and of transmitting it as a composite serial

signal. The use of pulse code modulation in the measure-

ment list refers to analog measurements digitally coded

into elght-bit words for operational telemetry.

Minimum Data Mode (PCM+)

Flight critical measurements are coded with a PCM+.

will be monitored when the PCM system is operated on

slow format

They

Pulse Code Modulation Events (PCME)

The pulse code modulation events method is the same as

the pulse code modulation method, except that it uses

special techniques to monitor events (e. g., on-off

and open-close). Only one-bit words (operational) are

used.

Pulse Code Modulation Digital (PCMD)

Pulse code modulation digital is used for very special

types of monitoring requiring extra high accuracy, for

grouping associated functions (events), and for monitor-

ing signals already in the digital form.

Flight Qualification (FQ)

Flight qualification refers to those measurements

required early in the flight program to qualify the

vehicle for flight, after which they may no longer

be needed. They are not a part of the standard

spacecraft design configuration. These measurements

are telemetered using a PAM/FM/FM system.

Flight Qualification Tape Recorder (FQ-TR)

Those R&D measurements recorded on the flight qualifi-

cation tape recorder use the above coding.

** All signals brought to Apollo telemetry will also be available

at a J-box or distribution panel.
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3.4.7

3.4.8

Tape Recorder (TR)

Those measurements recorded on the operational tape

recorder use the above coding.

Flight Qualification Low Level Pulse Code Modulation

(FQ- EL PCM)

The above coding refers to low-level strain measure-

ments when applicable. (Not applicable to SC 011)

3.5

3.6

3.6.1

3.6.1.1

Displays (DISP)

These are measurements displayed for the astronauts.

Coding designations include M for meter, L for on-off

light, S for selectable (single meter or light to monitor

more than one function), TB for talkback, and X for a

not yet defined display. An asterisk beside a display
measurement indicates that it is also on the master

caution and warning display panel.

Ground Support Equipment (GSE)

The ground support equipment codes appearing in the

spacecraft 011 measurement list are as follows:

Acceptance Checkout Equipment (P)

On flight vehicles, acceptance checkout equipment

(ACE) will be used at the preflight checkout area

and the launch pad. It may also be used during

systems and combined systems test. Acceptance check-

out equipment carry-on will be used to sample those

measurements designated by an AP, TP, or P in the

ground support equipment column.
s

Access Points (A)

Access points are points in the con=hand module

that are physically accessible to the astronaut during

flight. These points may be on the panel of the equip-

ment involved or on a separate panel for remote pickups.

Normally, the only wiring required for an access point
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3.6.1.2

3.6.1.3

3.6.2

3.6.3

3.7

3.8

will be on a tee from the main instrumentation wire to

the front panel of the equipment. If the measurement is

not in this category, then special wiring must be provided

from the pickup point to the separate panel in the command

module. Access point signals need not be signal conditioned.

Test Points (T)

Test points are points in a system that may be used by

ground support equipment for checkout. They need not be

signal conditioned. Test points from a particular system

will be brought to a common panel in order to provide

availability in the vertically mated configuration.

These test points are not accessible after close-out in

preparation for a flight.

Radio Frequency (RF)

RF measurements are required to check out the RF llnk

Special Test Unit

The Special Test Unit (STU) will be used for individ-

ual and combined systems tests. It will provide stimuli

and monitor responses during all levels of testing. An

"S" in the GSE column is the coding used to indicate

those measurements to be monitored by STU. Not applicable

to spacecraft 011.

Umbilical (U)

On flight vehicles, measurements through the GSE
umbilicals will be used to determine final preflight

status. USM denotes the umbilical from the service

module, USI the umbilical from the Saturn I vehicles.

Measurement Source (_)

This column is not used on SC-011.

Category (_)

A I, 2, 3 or 4 is used in this column. See table in

Section 2 for explanation of categories.
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3.9

3.10

3.11

Prtorlty

All primary and secondary measurements as indicated at

the time of the measurement list are defined as

follows:

Primary (P)

Primary measurements

I.

are required as follows:

For real time display during the Apollo flight mission

to observe system performance and analyze trends.

2. For verification of spacecraft onboard displays.

3. For rapid evaluation of general spacecraft status.

4. For abort or launch contingency.

5. For providing information directly concerned with

crew safety.

Secondary (S)

Secondary measurements are required as diagnostic backup

to primary measurements.

Ground Operational Support System (_)

An "X" in this column in association with an operational

flight telemetry measurement indicates that measurement

is ground displayed at the ground tracking and monitor
stations located around the world.

Response

Rate

The rate indicates the sampling rate desired on each
measurement, i. e., I, 10, 50, 100 or 200.

Unit

The unit column indicates the sample rate units, i. e.,

S/S (samples per second), CPS (cycles per second) or

KC (thousands cycles per second).
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3.12

3.13

Data Range

The data range denotes the required instrumentation

range (upper and lower limits) of the measurement.

No data is required beyond these limits.

Low

The low column indicates the minimum limit.

High

The high column designates the maximum limit.

Engineering Unit

The unit column denotes the engineering units of the

data monitored. Appropriate abbreviations are used.

(See Appendix A).

Location

The following is the measurement axis system only and

should not be confused with the spacecraft reference

axis system. All measurement locations are referenced

from the X, Y and Z axes, the dimensions being in

inches and degrees. The X axis is the vertical center-

llne of the vehicle, the +Z -Z axis being a plane

including the X axis and the center of the escape

hatch. The +Y -Y axis is a plane at right angles to

the +Z -Z axis at the X axis and including it. See

figure I (c).

These references hold true whether polar or rectangular

coordinates are used. The location coordinates denote

the physlcal location where the measurement is taken.

When the location is given in _olar coordinates, it is
referenced from the +Y (+Y = 0 ). The angle_increases

in a counter-clockwise direction (when viewed looking aft)

with the +Z at 90; thus a location designated as

Xc91 , 90 degrees would be located flush with the exterior

surface of the co_nand module, unless otherwise indicated,

91 inches above the reference plane, XcO, 90 ° from the

+Y axis. The XcO point being a point 1.3 inches forward
of the surface of the ablative material at the nadir of

I"
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,#

3.14

3.14.1

its curve.

When rectangular coordinates are used the measurement

location will lie in a plane intersecting the X -axis,

and at right angles to it; the point on the plane being

determined by the Y and Z coordinates, therefore a

location given as Xc85 , Yc50, Zc-68 will be located

in the plane 85 inches above the reference, Xc0 , at the
intersection of the Y and Z coordinates.

Measurement Summary Headings

The two pages following the measurement listing

smmnarize the measurement (Section 5.0 and Section 7.0).

The column headings used in these stm_naries are as

described below for Part I and Part 2.

Measurement Stmmmry, Part I

The column headings used in Part i are as follows:

I. S_stem - Systems for which measurement totals are

presented (See Section 3.1 for codes).

. SM to CM - Number of measurements originating in
either the service module or launch vehicle and

going to the conmmnd module. Indicates total

number of measurements going through umbilical.

. TR - Number of measurements recorded on the

onboard tape recorder.

4. F0 - The flight qualification R&D telemetry
measurement totals.

o PCM - Number of analog operational telemetry

functions, the column headlngs I, I0, 50 and I00

refer to sampling rates and are sub total_.

1 PCME - Number of operational telemetry event

functions (discrete on-offs).

. PCMD - Number of pulse code modulation digital

functions (See section 3.4.4).
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3.14.2

,

11.

12.

15.

16.

IFTS This requirement has been deleted for

Block I vehicles, however, this column will be

utilized to provide additional summary inform-

ation at a later date.

DIS..___P- Number of displays.

FLT TOTAL - Total number of flight measurements.

These measurements are the total count of measure-

ments having entries in columns TR, FQ, PCM,

PCME, PCMI), and DISP. FLT TOTAL may be less

than the sum of the quantities in the other

columns because 2 measurements may appear in

more than one column. For example a measure-

ment may be on both PCM and FQ, but it will be

counted only once in the FLT TOTAL column.

GOS_.___S- Number of ground operational support
measurements.

GSE ACC - Number of access points on the space-
craft.

GSE TEST - Spacecraft test point totals. **

GSE ACE - Number of Acceptance Checkout Equipment

points on the spacecraft (usually associated with

access or test points).

C/O TOTAL - Total number of checkout test points,

umbilical connections, etc. (this is now being

reviewed by NAA and subject to change).

SYSTEM TOTAL - Total measurement sources on the

spacecraft. ***

Measurement Sunm_ary, Part 2

s

The column headings used in Part 2 are as follows:

I. SYSTEM - System for which measurement totals

are presented (See section 3.1 for codes).

. MODULE - Module in which measurements appear as

designated by the codes (See section 3.1 for

codes).
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3.15

o CLASS - Denotes the measurement classification

such as acceleration, pressure, etc. (See

section 3.1 for codes).

Changes

The following codes will be used and will precede the

affected measurement:

(+) A plus denotes a measurement which has been

added to the list.

(*) An asterisk denotes a measurement which has

been changed. The asterisk will precede the

measurement identification.

See Section 3.6.1.2 for definition of test points.

The system total may be less than the sum of the quantities

in the other columns, because a measurement may appear in

more than one column. For example, a measurement may be on

both PCM and display, but it will be counted only once in the

system total column.
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4.0 OPERATIONAL MEASUREMENTS FOR SC 011

Operational measurements are defined as those measurements

which will remain fixed for a block of vehicles fulfilling

similar type missions. The spacecraft 011 operational

measurements, however, are not identical to the Block I

measurements appearing in NASA Program Apollo Working

Paper 1130, or those required for SC 009. SC 011 will have

a G&N system aboard that will be instrumented with all

operational measurements. The operational measurements

in this document apply to spacecraft 011 only.
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5-1

5.0 FLIGHT QUALIFICATION MEASUREMENTS

The flight qualification measurements are those measurements

required early in the flight program to qualify the vehicle

for flight after which they are no longer needed. These are

also referred to as R&D measurements.

Location coordinates appearing in the measurement list are

defined in section 3.13. Some measurements, however, use

coordinates which are not explained in section 3.13. For

example, measurement CA IO08T references a location described as

Zc61, Y O, BL. The Z and Y axes are as defined in section 3.13
C

with the BL (Bond Line) replacing the X coordinates. The Bond

Line is the mating surface of the ablative and honeycomb material.

Similarily, measurement CA IOI3T defines a location Z O, Y 71,

.05 in. Again, Z and Y coordinates are as previouslyCdefi_ed,

the .05 in being a depth dimension, referenced from the aft

surface of the ablative material.
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6-1

6.0 TELEMETRY LOADING SCHEDULE

(To be added at a later date)



7-1

7.0 TELEMETRYMODIFICATIONKIT

This kit will be added to the service module subsequent to
manufacturing completion of the service module. It is required
to telemeter back additional measurementsfrom the service module
and the LEMadapter. The columnheadings are as defined in section
3.0 with the addition of the abbreviation SMTMin the telemetry
column representing service module telemetry.
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8.0 FIGURES
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NOTES:

ALL DIMENSIONS ARE IN INCHES.
ALL DIMENSIONS ARE APPROXIMATE.
DRAWING IS NOT TO SCALE.
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(o) Liftoff configurotion

Figure I-Mission ?_.02vehicle



8-3

,,Q- BALL" _ XL599"668

,,,c,co,_,o_,o,o,.---/_:_.
(LIVE)

+Z
90 °

-y 180a O°+y

270 °
-Z

VIEW LOOKING AFT

LES TOWER

COMMAND MODULE

ABLATIVE MATERIAL

CANARDS DEPLOYED

I

JETTISON MOTOR (LIVE)

LAUNCH ESCAPE MOTOR (LIVE)

XC 133.500

_XcII3.600

83.476 LES-CM SEPARATION
PLANE

CM TO SM FAIRING

SM

REACTION
SYSTEM ENGINES

XcO

PLANE CM-SM

ECS RADIATOR

RADIATOR

154 IN.

SC-LEM AOAPTER
(SLA)

/

(b)

VIEW LOOKING

ON-Z AXIS



8-4

+ Z 90 °

-¥ 180 °_

Forward
X

O°+y

270 ° -Z

+Y

+Z

-y

View looking aft

-Z

( c ) Measurement location axis references

Figure I.- Concluded
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APPENDIX A

ENGINEERING UNITS ABBREVIATIONS

Alternating Current

Amperes

BTU Per Square Foot Per Second

Cubic Centimeters

Cubic Centimeters per Minute

Cubic Feet per Minute
Centimeters

Cycles per Second
Decibels

Direct Current

Degrees

Degrees Centigrade

Degrees Fahrenheit

Degrees per Second

Frames per Second

Feet per Second

Feet per Second Squared

Foot-Ton

Gravitational Unit

Gallons

Ground

Gallons per Minute

Gallons per Second
Inches

Inches of Water

Inch per Inch

Inch-Pounds

Inches per Second

Kilocycles

Kilopounds

Kilopulses per Second
Pounds

Pounds per Square Foot

Pounds per Hour

Pounds per Second
Meters

Milliamperes

Megacycles

Millimeters of Mercury
Milliseconds

Milllvolts

Millivolts Direct Current
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MW
PCNT
PH
PPS
PSF
PSI
PSIA
PSID
PSIG
PVAC
RMS
RPM
R/S2
SEC
SFT2
SLUG
s/s
UAMP

UI/IN
US

IN

VAC
Vl_

VIeS

W

Millivolts per Meter
Milliwatts

Percent

Hydrogen ION Concentration

Pulses per Second

Pounds per Square Foot

Pounds per Square Inch

Pounds per Square Inch Absolute

Pounds per Square Inch Differential

Pounds per Square Inch Gauge

Peak Volts Alternating Current

Root Mean Square

Revolutions per Minute

Radians per Second Squared

Seconds

Slug-Feet Squared

Slugs

Samples per Second

Microamperes

Microinches per Inch
Microseconds

Microwatts

Volts Alternating Current

Volts Direct Current

Volts Peak

Volts Root Mean Square

Watts


